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BODY CONTACT FORMATION IN PARTIALLY 
DEPLETED SILICON ON INSULATOR DEVICE 

Field Of The Invention 

[0001] The invention relates to the field of a T-gate or H-gate silicon on insulator 
device, SOI device. The invention pertains to an SOI device having one or more additional 
gate regions including the T-gate and H-gate SOI devices. 

Background 

[0002] For a T-gate or H-gate SOI device, with ultra-thin, or thin, gate oxide, the gate 
leakage current and parasitic capacitance in additional gate regions will increase Ioff-state 
leakage and degrade AC performance, respectively. AC performance is active circuit 
performance. Degraded AC performance is slower circuit speed of active circuits, for 
example, an inverter, a NAND gate or a NOR gate. The additional gate area increases Ioff 
and active power dissipation. Further, the low substrate dopant concentration under the 
additional gate region results in low efficiency of body contact for conventional T-gate and 
H-gate SOI devices. 

[0003] A body contact structure is proposed according to B. W. Min et al., 
"Reduction Of Hysteretic Propagation Delay With Less Performance Degradation By Novel 
Body Contact in PD SOI Application, 2002 IEEE International SOI Conference, P. 169. 

[0004] Min proposes a novel body contact structure by growing thicker gate oxide in 
additional gate regions so that the additional gate capacitance can be reduced. Min proposes a 
gate oxide of multiple thickness. The gate oxide is thinner under the gate where the gate 
crosses a channel region of the transistor between the source and drain regions of the 
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transistor. The gate oxide is thicker under the gate polysilicon where the gate polysilicon 
extends in an additional gate region, so that additional gate capacitance, or gate loading 
capacitance, can be reduced. However, making the multiple thickness will require a complex 
set of design rules, and complex manufacturing controls. 

Summary Of The Invention 

[0005] The invention reduces gate leakage current and additional gate loading 
capacitance by introducing oxygen or a halogen, including, and not limited to, fluorine, under 
the additional gate region forming either a shallow trench isolation region, STI region, or a 
thicker gate oxide region. 

[0006] Oxygen or halogen ion implants in the substrate under the additional gate 
region prevent gate leakage current and parasitic capacitance, or additional gate loading 
capacitance. 

[0007] In an embodiment of the invention, oxygen or fluorine ion implant under the 
additional gate region reduces substrate resistance. 

[0008] Embodiments of the invention will now be described by way of example with 
reference to the accompanying drawings. 

Description of the Drawings 
[0009] FIGS 1 A and IB disclose a T-gate SOI device. 

[0010] FIG. 1 A is a plan view of a T-gate SOI device. 

[0011] FIG. IB is a cross section view of the T-gate SOI device. 

[0012] FIGs. 2A-2F discloses an H-gate SOI device. 

[0013] FIG. 2A is a plan view of an H-gate SOI device. 

[0014] FIG. 2B is a cross section view of the H-gate SOI device. 
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[0015] FIG. 2C is a plan view of an H-gate SOI device. 

[0016] FIGs. 2D-2F discloses a process for making the H-gate SOI device. 

[0017] FIG. 2D is a cross section view, along the line 2D-2D of Fig. 2C, that 
discloses ion implantation and oxygen or fluorine implantation, followed by annealing. 

[0018] FIG. 2E is a cross section view that discloses application of a gate oxide 
material and application of gate electrode material. 

[0019] FIG. 2F is a cross section view that discloses selective etching of the gate 
electrode material and the gate oxide material, followed by fabrication of spacers (140) and 
source-drain ion implantation. 

[0020] FIGS. 3A-3H disclose a process for making another embodiment of the H- 
gate SOI device. 

[0021] FIG. 3 A is a plan view of an H-gate SOI device with STL 

[0022] FIG. 3B is a cross section view of the H-gate SOI device of Fig. 3 A. 

[0023] FIG. 3C is a cross section view that discloses P or N ion implantation and 
oxygen or fluorine ion implantation. 

[0024] FIG. 3D is a cross section view that discloses application of a gate oxide 
material and application of a gate electrode material. 

[0025] FIG. 3E is a plan view of the embodiment disclosed by Fig. 3F 

[0026] FIG. 3F is a cross section view, along the line 3F-3F of Fig. 3E, that discloses 
selective etching of the gate electrode material and the gate oxide material. 

[0027] FIG. 3G is a cross section view that discloses deep source-drain ion 
implantation. 
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[0028] FIG. 3H is a cross section view that discloses deep source P+ or N+ ion 
implantation. 

Detailed Description 

[0029] Fig. 1 A discloses a T-gate SOI device (100) in a substrate (102) that is a 
5 portion of a semiconductor layer. For an NMOS SOI device (100), the substrate (102) of the 
semiconductor layer is a P-substrate (102) or N-substrate (102). For a PMOS SOI device 
(100), the substrate (102) of the semiconductor layer is an N-substrate (102). It is understood 
that the semiconductor layer is against a known BOX (104) , buried oxide layer covering a 
semiconductor wafer, not shown. The semiconductor layer extends over the semiconductor 
10 wafer to provide multiple SOI devices (100) on the same semiconductor wafer. I/I regions 
are ion implant regions or ion implants in the semiconductor layer. N+ doped ion implants 
(106) form a source and drain for an NMOS SOI device in a P-substrate (102). P+ doped ion 
implants (106) form a source and drain for a PMOS SOI device (100) in an N-substrate 
(102). 

15 [0030] Fig. IB discloses the N+ doped drain ion implant (106) of an NMOS SOI 

device (100). Fig. IB discloses P+ doped implants (108) in the substrate (102) that form 
recessed electrical contacts (1 10) at the top surface (1 12) of the substrate (102). FIG. IB 
discloses a P well (1 14) of a P substrate (102) for an NMOS SOI device (100), or an N well 
(1 14) of an N substrate (102) for a PMOS SOI device (100). The P substrate (102) or N 

20 substrate (102) is against a BOX (104) for electrical isolation of the H-gate SOI formed in the 
silicon semiconductor layer. 

[0031] Fig. 1 A discloses that a gate electrode (116) has a T-shape to provide a 
transistor gate (118) extending over a channel region of the SOI device (100). The channel 
region is in the substrate (102) under the gate (118) of the SOI device (100). The gate 
25 electrode (116) has an additional gate region (120) at a respective end of the gate (118). The 
additional gate region (120) is joined to the transistor gate (118) to provide the H-shape of 
the H-gate SOI device (100). 
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[0032] Fig. 2A discloses an H-gate SOI device (100) in a substrate (102) that is a 
portion of a semiconductor layer. For an NMOS SOI device (100), the substrate (102) of the 
semiconductor layer is a P-substrate (102) or N-substrate (102). For a PMOS SOI device 
(100), the substrate (102) of the semiconductor layer is an N-substrate (102). It is understood 
5 that the semiconductor layer is against a known BOX (104) covering a semiconductor wafer, 
not shown. The semiconductor layer extends over the semiconductor wafer to provide 
multiple SOI devices (100) on the same semiconductor wafer. I/I regions are ion implant 
regions or ion implants in the substrate (102) N+ doped ion implants (106) form a source and 
drain for an NMOS SOI device (100) in a P-substrate (102). P+doped ion implants (106) 
10 form a source and drain for a PMOS SOI device (100) in an N-substrate (102). 

[0033] Fig. 2B discloses the N+ doped drain region of an NMOS SOI device (1 00). 
Fig. 2B discloses P+ doped implants (108) in the substrate (102) that form recessed electrical 
contacts (110) at the top surface (1 12) of the substrate (102). FIG. 2B discloses a P well 
(1 14) of a P substrate (102) for an NMOS SOI device (100), or an N well (1 14) of an N 
15 substrate (102) for a PMOS SOI device (100). The P substrate (102) or N substrate (102) 
overlies an insulating layer. The insulating layer is a BOX (104), buried oxide, layer for 
electrical isolation of the H-gate SOI formed in the silicon semiconductor layer. 

[0034] Fig. 2A discloses that a gate electrode (1 16) has an H-shape with a transistor 
gate (118) extending over a channel region of the SOI device (100). The channel region is in 
20 the substrate (102) under the gate (118) of the SOI device (100). The gate electrode (1 16) has 
additional gate region (120) at respective ends of the gate (118). The additional gate region 
(120) are joined to the transistor gate (118) to provide the H-shape of the H-gate SOI device 
(100). 

[0035] Thus the invention pertains to an SOI device (100) that has one or more, or at 
25 least one, additional gate region (120) at respective ends of a transistor gate (118), which 
includes, and is not limited to, a T-gate SOI device (100) and an H-gate SOI device (100). 
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[0036] A conventional T-gate or H-gate SOI device (100) would have the following 
disadvantages. A high body contact resistance results in a floating body effect. Additional 
gate region (120) increases Ioff and active power dissipation. Additional gate capacitance, or 
parasitic capacitance, degrades the AC performance. The voltage drop between the LDD 
5 source-drain extensions and each additional gate region (120) will cause gate leakage current 
with Vdd, a drain side voltage, in the off-state mode of the SOI device (100). 

[0037] Figs. 2C-2F discloses an H-gate SOI device (100) and a method according to 
the invention. Fig. 2C discloses a gate electrode (116) with two additional gate regions (120) 
at respective ends of a transistor gate (118). It should be understood that the invention 
10 pertains to, and is not limited by, either an H-gate SOI device (100) or a T-gate SOI device 
(100) described as having one or more additional gate regions (120). The one or more 
additional gate regions (120) are at respective ends of a transistor gate (118). 

[0038] Fig. 2D discloses a P-substrate (102) in the form of a well (1 14) for ion 
implants in a semiconducting layer. The semiconductor layer is against a BOX (104). It is 
15 understood that the BOX (104) is a layer on a semiconductor wafer, not shown. Fig. 2D 

discloses a PR (122), patterned resist, or patterned mask, against a top surface (1 12) of the P- 
substrate (102). The PR (122) has an opening located at an additional gate area. Each 
additional gate area will be at the top surface (1 12) and under an additional gate region (120) 
to be formed. 

20 [0039] Deep ion implants (124) are implanted through each opening of the PR by 

performing deep ion implantation at (126). The ion implants (124) are P-type for an NMOS 
transistor, and N-type for a PMOS transistor. The ion implants (124) are under the additional 
gate areas. Further, the ion implants (124) are under oxygen or fluorine implants (128). 

[0040] Shallow oxygen ions (128), or, alternatively, fluorine ions (128) are implanted 
25 as oxygen or fluorine ion implants (128) through each opening in the PR (122) by performing 
shallow ion implantation at (130). After implantation is completed, the PR (122) is removed. 
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[0041] The invention reduces gate leakage current and additional gate loading 
capacitance by oxygen or fluorine under each additional gate region (120) forming either a 
shallow trench isolation region, STI region, or a thicker gate oxide region. 

[0042] Oxygen or fluorine ion implants (128) in the substrate (102) under each 
5 additional gate region (120) reduces gate leakage current and parasitic capacitance due to 
additional gate loading capacitance. Further, substrate (102) resistance is reduced under each 
additional gate region (120). 

[0043] With reference to Fig. 2D, annealing is performed to repair and improve the 
structure of the well (1 14) and of the P-type implants (108) and the oxygen or fluorine 
10 implants (128). 

[0044] With reference to Fig. 2E, a thin gate oxide layer (132), or gate insulation 
layer, is applied or formed as a thin layer against the top surface (1 12). The gate oxide layer 
(132) covers the oxygen or fluorine implants (128), at the top surface (1 12). The gate oxide 
layer (132) forms a gate oxide on the substrate, with the gate oxide being thicker by having 

15 the oxygen or halogen ions providing gate oxide regions in the substrate. Then a thick layer 
of gate electrode material, for example, a polysilicon layer (134) of polysilicon layer (134) is 
applied against the gate oxide layer (132). The polysilicon layer (134) is applied by 
deposition, for example. Selective etching is performed to selectively remove the portions of 
the polysilicon layer (134), which forms the gate (118) and each additional gate region (120), 

20 as disclosed by Fig. 2F. 

[0045] Selective etching is performed by covering the regions that would be exposed 
to etching with a patterned mask. A common mask material, such as a photoresist, PR, is 
deposited on the regions, followed by patterning the mask material with openings. The 
openings through the patterned mask expose regions to be removed by etching. Etching is 
25 performed to selectively remove the regions exposed at the openings. 

[0046] Fig. 2F discloses the thin gate oxide (136) under each additional gate region 
(120). The gate oxide layer (132) is removed except where the gate oxide (136) is under each 
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additional gate region (120). For example, the gate oxide layer (132) is removed during the 
etching step to selectively remove the polysilicon layer (134). Alternatively, the gate oxide 
layer (132) is removed by a separate etching step. 

[0047] LDD, lightly doped drain implantation, or S/D extension implantation is 
5 performed to produce shallow source and drain regions (138). After annealing, they become 
shallow source and drain extensions (138) respectively. The shallow source and drain regions 
(138) are shallow ion implants, for example, N+ doped source and drain regions (138) for an 
NMOS SOI device (100), or P+ doped source and drain regions (138) for a PMOS SOI 
device (100). Fig. 2F discloses the shallow N+ drain region (138) for an NMOS device. The 
10 shallow N+ source region is similar. 

[0048] Fig. 2F discloses spacers (140) of silicon on opposite side walls of the 
additional gate region (120). The spacers (140) are of a spacer material, silicon nitride, for 
example, created by selective epitaxy, for example. The spacers (140) and the additional gate 
region (120) cover the oxygen implants (128) or the fluorine implants (128), thereunder. The 
15 spacers (140) and the additional gate region (120) cover the deep and high, or shallow, 
substrate dopant ion implants (124), thereunder. 

[0049] Fig. 2F discloses deep source and drain regions (142), respectively. Deep 
source-drain ion implantation is performed through openings in a patterned mask (144), as 
disclosed by Fig. 3G, that covers the top surface (112) except where the source and drain 

20 regions (142) are formed. The patterned mask (144) covers the source-drain ion implants. 
During implantation, each of the oxygen implants (128) or the fluorine implants (128) is 
covered by a corresponding additional gate region (120) and the spacers (140) on the 
sidewalls. Each of the substrate dopant ion implants (124) is covered by a corresponding 
additional gate region (120) and the spacers (140) on the sidewalls. The covered structure is 

25 protected from ion implantation. Following implantation, the mask (144) is removed. 

[0050] Fig. 2F discloses electrical contacts (110) at the top surface (112) of the P- 
substrate (102). The electrical contacts (1 10) are formed by deep P+ ion implants (108) 
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recessed in the top surface (1 12). P+ ions are for an NMOS SOI device (100). For a PMOS 
SOI device (100) N+ ions are implanted to form the electrical contacts (110). The P+ or N+ 
ion implants (108) are formed by ion implantation through openings in a patterned mask, for 
example, the patterned mask (148) disclosed by Fig. 3H. The patterned mask (148) covers 
5 the top surface (112) except where the electrical contacts (1 10) are formed. During 

implantation, each of the oxygen implants (128) or the fluorine implants (128) is covered by 
a corresponding additional gate region (120) and the spacers (140) on the sidewalls. Each of 
the ion implants (124) is covered by a corresponding additional gate region (120) and the 
spacers (140) on the sidewalls. The covered structure is protected from ion implantation. 
10 Following implantation, the mask (148) is removed. 

[0051] Annealing is performed to improve the structure of the well (1 14). Annealing 
improves the structure of the P+ ion implants (108) of the electrical contacts (110) and the 
N+ drain and source regions (138) and (142). The shallow source and drain regions (138) 
form source and drain extensions (138) of an enhancement mode SOI device (100). 
15 Alternatively, an accumulation mode SOI device (100) would be fabricated without shallow 
source and drain extensions (138). An accumulation mode SOI device would be fabricated by 
performing the method steps discussed in Figs. 2D-2F, but without performing the method 
step, of implanting the LDD, lightly doped drain implantation, or S/D extension implantation 
to produce shallow source and drain extensions (138), respectively. 

20 [0052] Figs. 3A and 3B disclose an embodiment wherein, the P well (114) or N well 

(1 14) is in an enclosure encircled by an STI region (146), shallow trench isolation region. 
The STI region (146) is formed in the semiconductor substrate (102) by known process steps. 

[0053] Fig. 3C discloses the PR (122), patterned resist, or patterned mask covering 
the regions except where ions are to be implanted. Deep ion implantation is performed to 
25 implant the P+doped ion implants (124) of a P well (1 14) for an NMOS SOI device (100) or 
N+doped ions for an N well (1 14) of a PMOS SOI device (100). Shallow ion implantation is 
performed to implant oxygen or fluorine ion implants (128 ). Following implantation the PR 
(122) is removed. Annealing is performed in the manner discussed with reference to Fig. 2B. 
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[0054] Fig. 3D discloses a thin gate oxide layer (132) against the STI region (146) 
and the top surface (1 12) of the substrate (102). A thicker, or thick, gate oxide (136A) is 
formed, for example, by selective epitaxy, to grow the thicker gate oxide (136A) at each 
region where an additional gate region (120) is desired. For example, the thin gate oxide 
5 layer (132) can be used as a thin gate oxide (136) under another SOI device (100) fabricated 
outside of the STI region (146), elsewhere on a semiconductor wafer. Thus, multiple SOI 
device (100)s can be fabricated on a semiconductor wafer. 

[0055] Fig. 3D discloses a thick layer of gate electrode material, for example, a 
polysilicon layer (134) is applied against the gate oxide layer (132). The polysilicon layer 
10 (134) is applied by deposition, for example. Selective etching is performed to selectively 
remove the portions of the polysilicon layer (134), which forms the gate (118) and each 
additional gate region (120) disclosed by Fig. 3E. 

[0056] Fig. 3E discloses a gate (1 18) of the SOI device (100), and one or more 
additional gate region (120). Fig. 3F discloses the gate (118) on a thin gate oxide (136), and 
1 5 one or more additional gate region (120) on respective thicker, or thick, gate oxides (1 36 A). 
The gate (118) and each additional gate region (120) are formed by selective etching, for 
example, according to the method steps discussed with reference to Figs. 2C and 2D. 

[0057] Fig. 3F discloses that under each additional gate region (120) is a 
corresponding oxygen or fluorine implant (128). Under each additional gate region (120) is 
20 an ion implant (124) corresponding to a P-type ion implant for an NMOS SOI device (100) 
or an N-type ion implant for a PMOS SOI device (100). These are formed by performing the 
process steps discussed with reference to Figs. 2D-2F. 

[0058] Fig. 3G discloses the PR, photoresist or patterned mask (144) covering the 
STI region (146) and the top surface (1 12) of the substrate (102) except at locations for 
25 forming deep source and drain regions (142) of the SOI device (100). Deep source and drain 
regions (142), respectively, are formed by ion implantation by performing the process steps 
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discussed with reference to Fig. 2D. Following completed implantation the mask (144) is 
removed. 

[0059] Fig. 3G discloses that the deep source and drain regions (142) exist without 
the shallow source and drain regions (138) disclosed by Fig. 2D. Thereby, the source and 
5 drain regions (142) are without the source and drain extensions (138) to comprise an 

accumulation mode SOI device (100). Alternatively, the shallow source and drain regions 
(138) would be added by performing the process steps discussed with reference to Fig. 2D, 
which would fabricate an enhancement mode SOI device (100). 

[0060] Fig. 3H discloses electrical contacts (1 10) at the top surface (1 12) of the P- 
10 substrate (102). The electrical contacts (1 10) are formed by deep P+ ion implants (108) 
recessed in the top surface (112). P+ ions are for an NMOS SOI device (100). For a PMOS 
SOI device (100) N+ ions are implanted to form the electrical contacts (110). The P+ or N+ 
ion implants (108) are formed by ion implantation through openings in a patterned mask 
(148), PR, that covers the top surface (1 12) except where the electrical contacts (110) are 
15 formed. The patterned mask (148) covers the source-drain ion implants (142). During 

implantation, each of the oxygen implants (128) or the fluorine implants (128) is covered by 
a corresponding additional gate region (120) and the spacers (140) on the sidewalls. Each of 
the ion implants (124) is covered by a corresponding additional gate region (120) and the 
spacers (140) on the sidewalls. The covered structure is protected from ion implantation. 
20 Following implantation, the mask (148) is removed. 

[0061] Embodiments of the invention have been described. Other embodiments and 
modifications are intended to be covered by the spirit and scope of the appended claims. 
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